This paper uses DEA-Malmquist index to study the total factor productivity (TFP) of nine listed agricultural leading enterprises in Hunan Province. The results show that: from the static productivity evaluation results between 2012 and 2017, the overall productivity of listed agricultural leading enterprises still needs to be improved, including Jiajia
INTRODUCTION
The development of society begins with agriculture, and agriculture is the foundation of the national economy. It is very helpful to increase agricultural output and farmers' income by supporting the leading agricultural enterprises and adjusting 1 Songqing Li, Zhiwei Jiang, Hunan Agricultural University Business School, Hunan, China productivity (TFP) show a rising trend, but some listed seed companies need to improve the scale efficiency. Therefore, China's listed seed companies needs tocontinuely increase investment in technology, rationally allocate enterprise resources, and enhance scale efficiency [8] . Liu Hongyan and others collected the input-output data of 10 listed seed companies in China from 2010 to 2014, and used DEA-Malmquist index model to evaluate its production efficiency. The results showed that the slight change of technological progress efficiency and technological efficiency altogether caused the low total factor productivity of seed enterprises. Therefore, strengthening its technological input and upgrade the level of technological innovation are strongly needed [9] . Hu Shengde(2017) took the online sales data of 11 rice enterprises in Wuchang from 2014 to 2016 as samples, and used DEA-Malmquist index model to evaluate the sales performance of enterprises. The results show that the overall performance of rice enterprises is good, and technological progress is gradually improving. The scale efficiency and technical efficiency of some enterprises still need to be improved. It is suggested that these enterprises strengthen technological progress and make greater efforts to carry out network marketing [10] .Yu Liying (2018) used DEA-Malmquist index model to evaluate the logistics industry in the Yangtze River Economic Zone. Static evaluation by DEA method shows that the logistics industry in Shanghai, Jiangsu and Anhui provinces is DEA effective, and the pure technical efficiency or scale efficiency of other provinces or municipalities need to be improved. The Malmquist index model is used to dynamically evaluate the development trend of the logistics industry in the Yangtze River Economic Zone. From each region, the upstream region develops better, the middle region develops slower, the growth rate needs to be improved, and the logistics industry in the downstream region needs to speed up construction to keep up with the speed of economic development in time. It is suggested that all regions should accelerate the pace of cooperation, upgrade the level of technological innovation, integrate relevant logistics resources and enhance the efficiency of logistics industry [11] . Cai Tao (2018) used the DEA-Malmquist index model to study the rice production efficiency in Guizhou Province from 2004 to 2014. The results showed that due to the imbalance of regional development, the value of scale efficiency, the level of technological progress and new technology application was low, resulting in the low value of comprehensive technical efficiency. The change of technological progress and technical efficiency is relatively low, resulting in a low total factor productivity. The authors suggest that all regions in Guizhou should maintain a moderate scale and apply new technologies to each region to improve the rice production efficiency in Guizhou [12] .
Based on the above literature, the DEA-Malmquist index method is used to calculate the Malmquist index for a specific industry, such as agriculture, animal husbandry, logistics and other industries; the other aspect is the Malmquist index for companies in a certain industry, such as dairy enterprises, seed enterprises, rice. Enterprises and so on have been studied. However, there is little research on agricultural leading enterprises with DEA-Malmquist index. In addition, agricultural leading enterprises play an important role in China's agriculture, which has a profound impact on the development process of modern agriculture, and it is worth further study.
ESTABLISH MODELS AND DESIGN INDICATORS

Establish a Model
DEA MODEL SETTING
This paper uses DEA model with variable scale that is, the BCC model. Set the leading agricultural enterprises as DMUk, according to the constraints of relevant conditions, will produce n DMUk, each DMU has I input and J output. The input and output vectors are (1) .The BCC model is (2). The Malmquist index can better describe the dynamic change of relative efficiency. Under the technical conditions of this T, the change of technical efficiency from the current t to the next T+1 phase is expressed as (3) [13] :
Under the technical conditions of the next T+1, the change of technical efficiency from the current t to the next T+1 is expressed as (4) [14] :
The formula for calculating of the Malmquist exponent is as follows: 
(6) (6)represents the change of technological efficiency . 
(7)represents the change of technological progress. So, total factor productivity = technological efficiency change * technological progress.
Selection of Evaluation Index System
The investment of capital and labor is indispensable for enterprises to produce. The total assets, operating costs and the number of technicians are selected as input indicators. Total assets can reflect the size and resource allocation of the enterprise, operating costs can reflect the operating expenses of the enterprise, including raw materials input, management costs, sales costs, etc. The number of technical personnel can reflect the enterprise's investment in technical support and technological research and development. The output index selects total operating income and net profit. Total operating income can reflect the income-generating and development ability of an enterprise. Whether an enterprise can make a profit depends on the amount of net profit [15] . The DEA model requires positive input and output data. The net profit items of Hunan New Wellful Co., Ltd., JinJian Cereals Industry Co., Ltd. and Hunan Hunan Zhenghong Science and Technology Develop Co., Ltd. appear negative value. The negative value is normalized when processing the data. Adopting standardized method, does not change the relative relationship between decision-making units and does not affect the evaluation results [16] .
DATA SOURCES AND PROCESSING
Production Efficiency Analysis Based on DEA Model
Using DEAP2.1 software and output-oriented DEA model, the productivity of nine listed agricultural leading enterprises in Hunan Province from 2012 to 2017 is calculated as follows:
As shown in Table 1 , from 2012 to 2017, the average productivity of nine listed agricultural leading enterprises in Hunan Province was less than 1, which did not reach the production frontier, resulting in inefficient DEA. The annual production efficiency of Yuan Longping High-Tech Agriculture Co., Ltd., Tangrenshen Group Co., Ltd. And Zhu Zhou Qian Jin Pharmaceutical Co., Ltd is equal to 1, which shows that the input and output of these enterprises have reached the optimal level. The production efficiency of food, Hunan Zhenghong Science and Technology Develop Co., Ltd., Jin Jian Cereals Industry Co., Ltd. and Kemen Noodle Manufacturing Co., Ltd. is less than 0.9, indicating that there is still room for optimization in input and output. The production efficiency of Hunan New Wellful Co., Ltd. and Dahu Aquaculture Co., Ltd. is 0.78 and 0.838 respectively. The production efficiency is relatively low. It is necessary to optimize the proportion of input and output as soon as possible to improve production efficiency. In order to analyze the production efficiency, the evaluation results of the production efficiency of nine listed agricultural leading enterprises in Hunan Province in 2007 were selected, as shown in Table 2 . 
COMPREHENSIVE EFFICIENCY ANALYSIS
From the comprehensive efficiency point of view, the comprehensive efficiency of three listed agricultural leading enterprises, such as Yuan Longping High-Tech Agriculture Co., Ltd., Tangrenshen Group Co., Ltd, Zhu Zhou Qian Jin Pharmaceutical Co., Ltd is equal to 1, DEA is effective, indicating that the inputoutput ratio of these three enterprises has reached the optimum. The comprehensive efficiency of Hunan Zhenghong Science and Technology Develop Co., Ltd. and Jin Jian Cereals Industry Co., Ltd. is greater than 0.9 but less than 1, indicating that the input-output ratio of these two listed companies is relatively optimized, and still there is room for improvement. The comprehensive efficiency of the remaining 4 enterprises is between 0.7 and 0.9, the proportion of input and output of these 4 enterprises needs to be adjusted.
TECHNICAL EFFICIENCY ANALYSIS
From the technical efficiency point of view, six listed agricultural leading enterprises, such as Yuan Longping High-Tech Agriculture Co., Ltd., Tangrenshen Group Co., Ltd, Hunan Zhenghong Science and Technology Develop Co.,Ltd., JinJian Cereals Industry Co.,Ltd., Dahu Aquaculture Co., Ltd. and Zhu Zhou Qian Jin Pharmaceutical Co., Ltd. have achieved technical efficiency, which indicates that the production resource combination of these enterprises is relatively optimized. The technical efficiency of enterprises such as Hunan New Wellful Co., Ltd., Jiajia Group Co., Ltd. and Kemen Noodle Manufacturing Co., Ltd. needs to be further improved, and the input-output allocation structure needs to be adjusted.
SCALE EFFICIENCY ANALYSIS
From the perspective of scale efficiency and scale reward, the scale efficiency of Yuan Longping High-Tech Agriculture Co., Ltd., Tangrenshen Group Co., Ltd and Zhu Zhou Qian Jin Pharmaceutical Co., Ltd Co., Lt dare all 1, and the scale reward remains unchanged, indicating that the production and operation of these three enterprises have reached the optimal scale. The technological efficiency of Hunan Zhenghong Science and Technology Develop Co., Ltd., Jin Jian Cereals Industry Co., Ltd. and Dahu Aquaculture Co., Ltd. are all 1, and the scale efficiency is less than 1. The final scale efficiency affects the comprehensive efficiency of enterprises, resulting in decreasing returns to scale. These three enterprises need to increase input appropriately and optimize the proportion of input and output. The scale efficiency and technical efficiency of enterprises such as Hunan New Wellful Co., Ltd., Jiajia Group Co., Ltd. and Kemen Noodle Manufacturing Co., Ltd. are all less than 1. In order to increase returns to scale, these enterprises need to adjust the input-output allocation structure from the technical efficiency and scale efficiency together.
ACTUAL MEAN AND TARGET MEAN DIFFERENCE
According to table 3, the operating costs and target values of the input indicators are the same, indicating that the business cost control of the enterprise is better. The input redundancy appears in the total assets and the number of technicians. According to the calculation results, the total assets of the invalid DEA enterprises need to be reduced by 0.569 billion yuan, and technicians need to be reduced approximately 31 people. In terms of output, gross operating income and net profit output are insufficient, and there are still 174.1 billion yuan and 197 million yuangap between the average operating income and net profit from the target value. This shows that the invalid DEA enterprises still need to optimize the input-output ratio and improve the gross operating income and net profit.
NON DEA EFFECTIVE INPUT OUTPUT FACTORS SLACK VARIABLES
According to table 4, the input and output slack of Hunan Zhenghong Science and Technology Develop Co., Ltd., JinJian Cereals Industry Co., Ltd. and Dahu Aquaculture Co., Ltd. are all 0, and their efficiency is relatively better. The input slack variables of Hunan New Wellful Co., Ltd., Jiajia Group Co., Ltd. and Kemen Noodle Manufacturing Co., Ltd. are not all 0, and the investment resources are not fully utilized. The total assets of the Kemen Noodle Manufacturing Co., Ltd. are redundant, and the assets structure of enterprises should be optimized. Hunan New Wellful Co., Ltd. And Jiajia Group Co., Ltd. show that technicians are redundant and need to streamline technical personnel. As far as output is concerned, Table 4 shows that the output of Kemen Noodle Manufacturing Co., Ltd. and Hunan New Wellful Co., Ltd. is insufficient, which displays that the net profit is not high and the profitability of enterprises needs to be improved. Therefore, it is necessary to optimize the operation of enterprises and reduce the cost of enterprises.
Production Efficiency Analysis Based on Malmquist Index
DEAP2.1 software, the comprehensive technical efficiency changes, technological progress changes, pure technical efficiency changes, scale efficiency changes and total factor productivity changes of nine listed agricultural leading enterprises in Hunan Province from 2012 to 2017 are calculated. The results are shown in Table 5 .
If the change of total factor productivity is greater than 1, it indicates that total factor productivity increases, and vice versa; if the change of technological progress is greater than 1, it represents increase of technological progress and vice versa; if the change of technological efficiency is greater than 1, it indicates that technological efficiency increases, and vice versa; If the change of pure technical efficiency is greater than 1, the technical application level will be improved, and vice versa [17] . Technical efficiency is the result of improving the level of science and technology, and the ability of using existing resources effectively. This shows that the input-output allocation of enterprises is optimal, and the scale efficiency of other years is less than 1. The input-output allocation of enterprises needs to be optimized. Total factor productivity has been increasing since 2013. From the five-year average of the evaluation results, the change value of comprehensive technical efficiency and total factor productivity is very close to 1, the change of scale efficiency contributes 0.2%, the scale of enterprises is slightly expanded, the change value of pure technical efficiency and technological progress are less than 1, making the scale efficiency advantage of enterprises no longer. It shows that enterprises' investment in new technology needs to be improved, and technological innovation restricts the development of enterprises.
Total factor productivity (TFP) represents the ratio of total output to total input, which is an important index to evaluate technological progress. By observing the relationship among total factor productivity, technological progress change index and technological efficiency change index, it can be used to judge whether technological progress affects the growth of total factor productivity, we can judge whether technological progress affects the growth of TFP [18] . According to table 5, the change of total factor productivity of agricultural leading enterprises in Hunan province and its changing trend. Combined with table 5 and figure 1,in the 2012-2013 years, the total factor productivity has been reduced by the impact of technological progress. Between 2013-2014 and 2014-2015, total factor productivity (TFP) declined due to the combined effects of technological efficiency and technological progress. In the 2015-2016 years, comprehensive technical efficiency contributed 5% and TFP was in a state of improvement. During the period of 2016-2017, the contribution of technological progress was 11.5%, which was in the state of technological upgrading. The total factors were mainly influenced by technological progress. This shows that enterprises have improved their technological level during this period, and technological progress has promoted the development of listed agricultural leading enterprises [19] .
Technical efficiency is determined by pure technical efficiency and scale efficiency [20] .According to table 5, between 2012-2013 and 2015-2016 , technical efficiency, pure technical efficiency and scale efficiency are all greater than 1. The joint improvement of pure technical efficiency and scale efficiency has led to the growth of technical efficiency. In the 2013-2014 years, the efficiency of technology was less than 1. In the past 2014-2015 years, the efficiency of pure technology was less than 1. Between 2016 and 2017, both pure technical efficiency and scale efficiency are less than 1. Pure technical efficiency and scale efficiency together make technical efficiency lower, indicating that enterprises need to improve pure technical efficiency and scale efficiency.
Combining with Table 6 , the total factor productivity (TFP) of 9 listed agricultural leading enterprises changed to 0.99, pure technical efficiency to 0.997, technical efficiency to 0.999,and technical progress to 0.991.Between 2012 and 2017,indicating a downward trend as a whole. The change of scale efficiency contributes 0.2% to total factor productivity, but the change of technological progress and pure technological efficiency reduce the change of total factor productivity by 0.9% and 0.3% respectively. The changes of technological progress and pure technological efficiency have greater impact on total factor productivity, indicating that listed agricultural leading enterprises need to use new technology and technological innovation to be upgraded, and technology affects the development of enterprises. Among the 9 leading agricultural enterprises, there are 4 enterprises whose total factor productivity has changed more than 1, 6 enterprises whose technical efficiency has changed more than 1, 3 enterprises whose technological progress has changed more than 1, and some enterprises need to pay more attention to and invest in technology, which needs to be improved by technological progress.
The technical efficiency, technological progress, pure technological efficiency, scale efficiency and total factor productivity of Yuan Longping High-Tech Agriculture Co., Ltd. and Tangrenshen Group Co., Ltd are all greater than 1, which shows that enterprises have more input into technology and the input-output allocation is optimized in place.
JinJian Cereals Industry Co., Ltd. only scale efficiency changes less than 1, other indicators are greater than 1, the enterprise is relatively affected by scale efficiency, indicating that the enterprise needs to adjust the scale.
The technological progress of Hunan Zhenghong Science and Technology Develop Co., Ltd., Zhu Zhou Qian Jin Pharmaceutical Co., Ltd Co., Ltd and Dahu Aquaculture Co., Ltd. was 0.992, 0.988 and 0.997, respectively. Their technological efficiency, scale efficiency and scale efficiency were all greater than 1, resulting in the total factor productivity of enterprises being reduced to 0.999, 0.988 and 1.039 respectively. Total factor productivity (TFP) of enterprises is greatly affected by technological progress. These enterprises need to increase investment in new technologies. The scale change of Hunan New Wellful Co.,Ltd. is 1.018, but the change of pure technical efficiency and technological progress is less than 1, which counteracts the scale advantage of enterprises and results in the change of factor productivity less than 1. It shows that the enterprise needs to strengthen technological innovation and make more use of new technologies.
The technological efficiency, technological progress, pure technological efficiency, scale efficiency and total factor productivity of Jiajia Group Co., Ltd. and Kemen Noodle Manufacturing Co., Ltd. industry are all less than 1. These enterprises are not enough in technological input and scale optimization. They should innovate technology, adjust enterprise scale, optimize input-output allocation, and enhance total factor productivity.
CONCLUSIONS
Total factor productivity (TFP) changes are mainly affected by changes in technology level, comprehensive technical efficiency, pure technical efficiency and scale efficiency [21] . At different times, pure technical efficiency and scale efficiency alternately affect the technical efficiency of enterprises, listed agricultural leading enterprises need to consider upgrading from the perspective of pure technical efficiency and scale efficiency.
(1) According to the productivity evaluation results from 2012 to 2017, the productivity of listed agricultural leading enterprises needs to be improved. The production efficiency of Canadian food, Hunan Zhenghong Science and Technology Develop Co., Ltd., JinJian Cereals Industry Co., Ltd., Kemen Noodle Manufacturing Co., Ltd., Hunan New Wellful Co., Ltd. and Dahu Aquaculture Co., Ltd. aquatic reproduction enterprises is less than 1. Enterprises need to continue to optimize input and output.
(2) According to the results of DEA calculation in 2017, the total assets input of Kemen Noodle Manufacturing Co., Ltd. is redundant, so it is necessary to optimize the enterprise asset structure. Hunan New Wellful Co., Ltd. And Jiajia Group Co., Ltd. show that technicians are redundant and need to streamline technical personnel.
(3) According to the DEA-Malmquist index model, only the change of scale efficiency is less than 1, and the enterprise needs to adjust its scale. The total factor productivity (TFP) of Hunan Zhenghong Science and Technology Develop Co., Ltd., Zhu Zhou Qian Jin Pharmaceutical Co., Ltd Industry, Dahu Aquaculture Co., Ltd. Reproduction and Hunan New Wellful Co., Ltd. is greatly affected by technological progress. These enterprises need to increase investment in new technologies. Enterprises such as Jiajia Group Co., Ltd. and Kemen Noodle Manufacturing Co., Ltd. have insufficient investment in technology and not enough optimization in scale. They should not only innovate technology, but also adjust enterprise scale, optimize input-output allocation and enhance total factor productivity.
